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Fic. 97. PLUMAGES OF THE WHITE IBIS. 


A, Downy Chick; B, Head of downy chick; C, Juvenile plumage: D, Post-juvenile plumage; 
E, Head of adult male in the breeding season. 
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Volume 1. Number 12. 


NOTES ON THE ONTOGENY OF THE 
WHITE IBIS, GUARA ALBA 


By C. WILLIAM BEEBE, Curator of Birds. 


PART I—BREEDING HABITS. 


As soon as the White Ibises are placed outdoors in the large 
flying cage, in the spring of the year, the breeding pairs spend 
much of their time in the small tree in which they have nested 
for the past two seasons. Usually one of the two nests has sur- 
vived the winter’s storms and shows at least a solid basal plat- 
form of twigs. There seems to be little definite courtship in 
these captive birds, and I am quite certain that they remain 
paired throughout the year. There is much quarreling over the 
nests, but as for two seasons in succession the same sites have 
been chosen, there is little doubt that each pair occupies the 
same nest or nesting site. 


At first the males remain in the ae of the tree more 
than the females, and indeed, for many days before actual build- 
ing commences the males will spend almost the entire day, stand- 
ing on the old nest or a nearby branch, one leg drawn up, but 
watchful and ready -with raised wings, open beak and inflated 
chin pouch to frighten away any other birds intruding on their 
territory. 

The sexes share equally in bringing material for the nest, 
although the actual interlacing of twigs seems to be the duty of 
the female. At least I have seldom seen the male do more than 
awkwardly fiddle about with a twig which he had brought, while 
upon the arrival of his mate he stepped out upon a branch and 
allowed her to attend to the actual building. 


I have never known when the first egg was deposited and 
not until the full set is laid is there any abstract hint of eggs in 
the nest, and this only from the continual setting of the birds. 
Both take part in incubation, and during different times in the 
day I have seen the male as often as the female on the eggs. It 
is not uncommon for the male to bring fish to his mate, but I 
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have not observed a reverse case of feeding. The eggs are laid 
in June, usually about the first week, and the time of incubation 
lies between twenty and twenty-three days. Both parents take 
part in feeding the young. The comminuted fish is brought in 
the gular sac which is developed in both sexes. The male, owing 
to the enlargement of the chin sac, is able to pack much more into 
his throat than his mate. When one of the old birds comes to 


the nest with food, the bill is opened widely and the young Ibis : 
reaches up and takes the food from the throat of the parent. 
The sight of this feeding process is contagious and I have seen ; 


unmated ibises moved to fly up with offerings of food, and even 
the young bird of the preceding year makes similar attempts. 
All are hustled away by the parents, however, before they have 
had even a chance to carry out their altruistic efforts. 


IJ. DEVELOPMENT AND ANNUAL CHANGES. 


For several years one or two pairs of White Ibis, Guara 
alba (Linnzus), have bred in the flying cage of the New York 
. Zoological Park. Usually two eggs are deposited but only a 
single bird in each brood is reared to maturity. In 1912, a | 
young Ibis was hatched on July 6th, and another in a second > 
nest, about a month later. The desire to have this species estab- 
lished as a regular annual breeder in the Park has led me to 
leave the birds almost wholly undisturbed, but it was found pos- 
sible during the present year to make a number of new observa- 
tions, and the necessary handling of the nestling did not inter- 
fere with the faithful care of the parents, who were able suc- 
cessfully to rear the young bird. 


No definite description of the sequence of plumages in thea 
White Ibis has ever been written, as far as I have been able to _ 
discover, and knowledge of the time of attainment of the fully _ 
adult plumage is equally vague. In ast ways Audubon’s ac- _ 
count is not reliable. * & 


The nestling in down plumage reveals a number of ai 
esting characters. At the time of hatching, the pterylo 
Bae pi tone BF ery eae ae t of own on t. 
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brachium or fore-arm are covered with a dense growth of down, 
jet black on the crown where it is sleek and velvety, but becom- 
ing somewhat longer and of a brownish, smoky hue on the neck 
and wings. The remainder of the body is at first almost bare 
and later only thinly clad with straggling, woolly down, smoky 
gray on the dorsal surface and white on the under parts. It 
would seem as if the young bird was prepared for protection 
from the cold only on the head and neck, somewhat as in the 
emperor penguin, in which these portions project from the der- 
mal pouch of the parents. 


The crown down consists of a spray of 10 or 12 spine-like 
barbs, of equal length (about 6 mm.), furnished with simple 
barbules along their basal half. A down feather from the back 
has usually a greater number of barbs, considerably longer 
(15 mm.), whitish at the base, shading into smoky gray, very 
soft and pliable and clothed almost to the tip with barbules of 
similar texture. These two types of down characterize the two 
distinct zones which I have mentioned. The egg-tooth is small 
but very sharp, white and fixed ona dusky rectangular base 
which is shed about the third day. The wing claws are small, 
with sharp, recurved tips and are present on the first and sec- 
ond digits. The legs-and feet are large and strong. All the 
visible skin of the body and the anterior aspect of the tarsus is 
of a dull leaden hue, the posterior tarsus and the feet being flesh 
colored. The curious changes in the flesh colors of the face and 
bill and the iris I will describe separately. 


Although at the time of hatching the down of the head and 
neck is more advanced than that of the body in general, yet the 
changes which take place during the ensuing two or three weeks 
reverse this condition. The contour feathers of the body and 
wings sprout at once while the head and neck remain as at birth. 
During the third week when the sheaths have begun to dry up 
and the juvenile plumage becomes recognizable, the young bird 
becomes restless and now and then climbs out of the nest and 
along the nearby branches. When a month old, if frightened it 
will fall or scramble to the ground, but when this happens in the 
flying cage the young Ibis is not able to return in spite of its 
excellent climbing powers, but must be replaced by the keeper. 
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In the southern White Ibis rookeries, scores of young birds at 
this stage are to be seen scampering about in flocks on the 
ground, long before they can fly. 


About the sixth week the young bird begins tc use its wings 
and in a few days can accompany its parents in search of food 
during the day, returning with them to roost on or near the nest 
at night. Even at this time there is little change in the nestling 


plumage of the neck, but when the flight feathers have reached 
their full development, most of the neck down has been shed. 


The last trace of this nestling down is found on the crown, where 
it remains as a conspicuous spot of dense velvety black, many 
days after the bird is in full juvenile dress. This mark may be 
distinguished a long distance off. 


t at ah Mie 


In this juvenile plumage the head and neck are streaked. 
The feathers are gray or ashy white with darker brown centers. 
This dark marking is most pronounced on the head and upper 
neck, narrowing and paling on the throat and lower neck, and 
dying out in the form of shaft streaks on the breast. The ven- 
tral plumage from the breast backward, the lower back, sides, 
rump, tail-coverts, the basal half of the tail and the under sur- em 
oy face of the wings are pure white. The entire wing, mantle, — 


ee scapulars and terminal half of the tail are olive brown, most of 
. the feathers with an oily green gloss, changing to copper. The 
— concealed portion of nearly all these feathers is more or less 


white. 


We thus see that except for the smoky gray down of the 
upper part of the body being replaced with white, the general 
arrangement of color in the nestling and in the juvenile plumage 
is similar. - 

_ Except for a steady increase in size and the gradual loss __ 
of the velvety down cap, no further change takes place during — 
the first summer and autumn, but late in the winter, usually | = 
about February, a moult begins, starting on the mantle and _ 
Pe elegede and a ial etalon over ae wings pel ae 
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the head and neck. These become exceedingly worn, frayed and 
faded to a sandy brown. The two former are shed at the regu- 
lar season for moulting of the species, but not until October or 
November of the second year is the plumage of the head and 
neck renewed, that of the crown persisting, as before, until all 
the other feathers are shed. In the spring the gular pouch be- 
gins to be developed in the males and the scarlet breeding pig- 
ment appears, and the bird is ready to breed in fully adult plum- 
age in the third summer of its life, when two years old. 


The changes in the White Ibis, in the color and pattern of 
the fleshy parts, eyes and bill during growth are of interest. 
In the downy chick the irides are hazel, the bill short and 
straight. The most common type of bill coloring during the 
first week of life is where it is crossed by five zones of color, 
two median bands of pinkish flesh, bounded by three equally 
broad areas of black, the most distal at the very tip of the beak, 
the second across the center and the third occupying the entire 
basal area, except for a narrow white frontal line in front of 
the eyes and extending longitudinally along the margin of the 
feathered area. There are also two small gular patches of pink 
and the skin of the chin, between the mandibles, is of the same 
color. The culmen of the three-day chick measures about 19 
mm., the lower mandible being several millimetres shorter. This 
inequality in length, curiously enough, is reflected in the ter- 
minal band of pigment, which extends considerably farther 
toward the base than the corresponding dark area on the tip 
of the upper mandible. 


A good deal of variation is observable in a series of chicks 
but the five-banded beak is characteristic. The next commonest 
type is where all but the distal band of black is absent. 


In the chicks hatched in captivity the white loral spots dis- 
appear before the end of the second week. This transient 
character is of interest as perhaps representing the permanent 
facial marking of the related Glossy Ibis (Plegadis autuwmnalis). 


On the sixteenth day, July 29th, the increase in the length 
of the bill was about 12 per cent. On the thirty-fifth day the 
basal part of the bill had become entirely black, with the ex- 
ception of the distal band of pink which persisted conspicuously. 
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The two gular patches had increased in size and intensity of 
color. 

On the fifty-sixth day the pale band had disappeared from 
the lower mandible, but was still discernable on the upper. A 
new area of pale color had now appeared at the tip of the up- 
per mandible. 

About a month later, when the young bird was eighty-three 
days old, the pale terminal area on both mandibles had spread 
backward, so that the anterior half of the beak was then a 
clouded pinkish. The basal half was not as black as in the 
young chick. Ten days later the pinkish area had reached the 
second of the congenital pale zones, and the skin around the 
eye had become distinctly pink. | 

In the six months’ old bird the bill was wholly of a clouded 
pink color, very much lighter than in the adults. The bare face 
was pale flesh color. The iris at this age was pale slate blue, 
with a narrow inner ring of hazel. 

Recorded measurements in millimetres are as follows: 


0th i ts 


* Length. Culmen. Wing. Tail. Targus. 

== Seday. chick «206 ees 150 19 29 22 — 

x. 23 -dayechick, eeu. 230 ye 60 23 55 3 

. 2-months’ juvenile ........... 450 65 235 90° 75 »* 
18-months’ bird ............. 6255. 158i. 286." | 100 arse ‘ 
Fully adult bird . 615 168. 290 = 1065 9100 y 


I have kept a record of the pigment producing possibilities 
of the feathers of a young growing White Ibis. The feathers of _ 
the juvenile tail are uniform only in that the terminal half is ; 
brown, and the basal half white. The zone of darker color is 
not constant, and in the twelve feathers of any individual no 
two may be alike, while the white area may be immaculate, or 
variously clouded or mottled, especially on the outer web, with» : 

_ brown pigment. A feather may appear, which on the terminal 
half, is solid brown on the inner, broader web, while the o 7 
is pure white, the line of demarcation here lee he out » D 
“a _ this: is exceptional. Having in mind that it is | | SU 


pa tee teks that the Nae of rats 
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tinual observation. The appearance of such asymmetrically 
pigmented feathers would seem to lend credence to such color- 
change, but in every case where my clipped and threaded ob- 
servation feathers were scrutinized, there was no infiltration or 
even local wearing or change in area of pigmentation whatso- 
ever. The variation in the juvenile feathers of the White Ibis is 
congenital, not transitory or ontogenetic. 


If feathers be plucked out from the wings of a two months’ 
old bird, the new growths which take their place differ little or 
not at all from the original ones. In the third and fourth 
months, however, much of the immature brown pigment is lost, 
and from the sixth month onward the ingrowing feathers will be 
pure white as in the adult. Normally these would not appear 
for another six or eight months. In the five months’ old bird 
one can readily detect every vicious peck it has received from 
other inmates of the cage, by the white feather or group of 
feathers which marks the place of the others plucked out. 


In early spring, if one of the dull brownish outer primaries 
be pulled out, there comes in a feather, not pure white, but with 
the pigment strengthened and concentrated on the terminal half 
and very strongly glossed with iridescent green. This is identi- 
cal with what I found occurring in the intensified melanism 
zones in wild doves. 4 


Nothing definite seems to have been recorded in regard to 
the annual change in color of the exposed soft parts of the adult 
White Ibis. In mid-winter, the bill and face of the bird is of a 
rich fleshy pink, evenly colored throughout. About Christmas 
or the first of the year the first change is noticeable, which, 
rather remarkably, is a paling of the color. The region about 
the eye, the lores and the base of the bill for some 15 mm. from 
the base, fades from pink, to pale pinkish white. The face and 
the basal band on the bill, about mid-February, again increases 
in color and gradually becomes intensified. The legs and feet 
show no change but the cheeks, with their white feathering, 
begin to be puffed out. A month later, well into March, the most 
interesting change is a dark ring which appears around the mid- | 
dle of the beak about 75 mm. from the tip and spreads in both 


1 Zoologica, Vol. I. No. 1, p. 31. 
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directions... This darkens and clouds the pink but does not 
wholly obscure it. The legs now begin to brighten. 


In April the face and basal portion of the beak are scarlet, 
and the chin swelling very large. The black, in some individu- 
als, reaches the tip of the beak, in others remains as a very wide 
band, occupying the middle third of the mandibles. The first of 
June sees the height of nuptial development (Fig. 97, E). The 
pure white birds show face and mandibles, legs and feet of 
richest scarlet, the bill paling anteriorly and tipped or banded 
with dusky. The cheeks protrude, the bluish white eyes stand 
out in strong contrast against the surrounding scarlet. The 
skin of the chin is produced into an inflatable sac which at mo- 
ments of intense excitement protrudes like a rounded scarlet 
bladder. After the eggs are laid, the coloring diminishes and 
the chin pouch becomes reduced about half, or at least is seldom 


swelled out to full size. The paling of the red in the mandible © 


throws the dark area into stronger contrast for a time, when 
it too loses strength and fades. The females are less brilliant 
and almost lack the chin swelling. 


- For the notes on changes in the color of the beak of the | 


young Ibis I am indebted to Mr. Crandall, and for the sae of 
skins to Dr. Dwight and Mr. Chapman. 
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Fic. 98. TAIL-FEATHERS OF DUCKS, 


A, Juvenile central rectrice of Wood D 
feathers of Torrent Duck with dow 


uck with down attached; B and C, Juvenile tail- 
n attached; D, idem, with down recently lost; 


E, Post-juvenile tail-feathers of Torrent Duck. 
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Volume 1. Number 13. 


SPECIALIZATION OF TAIL DOWN 
IN CERTAIN DUCKS 


By C. WILLIAM BEEBE, Curator of Birds, and 
L. S. CRANDALL, Assistant Curator. 


The careful examination of the birds which are constantly 
added to the collection of the New York Zoological Park is made 
for a two-fold purpose. First, of ascertaining their physical con- 
dition, freedom from disease and their general health, and sec- 
ond, to obtain data in regard to the characters revealed by the 
living bird, especially as to the plumage; its moult, structure, 
pattern and color in continuance of the experiments which have 
been conducted in the Department of Birds in the past. Unex- 
pected and interesting conditions are occasionally observed, 
worthy of record, but not dealing directly with the evolutionary 
problems which the Curator at present has under consideration. 


On examining several chicks of the American Wood Duck, 
Atx sponsa (Linnzus) hatched in the Zoological Park on July 
12, 1912, it was noted that the down or plumaceous feathers rep- 
resenting the rectrices at birth, were remarkably stiff and long 
in comparison to the other feathers of this plumage. The left 
central rectrice down was measured and found to be 29 mm. in 
length. Careful watch was kept of a young bird selected for 
experiment but it was not until July 22, the tenth day after 
hatching, that an increase in length was noted. On this day, the 
feather mentioned above had reached a length of 32.5-mm. It 
soon became evident that this gain in length was due to the 
pushing out of the rectrices of the juvenile plumage, carrying 
the plumaceous down on their tips. This left central rectrice, 
together with its burden of down, was measured carefully every 
other day for a period of a week, the growth being as follows: 
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July 12—29.0 mm. One day chick. 

July 22—32.5 mm. 

July 23—35.3 mm. 

July 25—40.9 mm. 

July 27—46.2 mm. 

July 29—51.5 mm. Seventeen day chick. 


The average daily growth of the feather through the later 
period is thus shown to have been 2.8 mm. The feather con- 
tinued to grow at approximately the same rate until August 7th, 
when the distal down portion was lost. The right central rec- 
trice, to which the down was still attached (Fig. 98, A), on this 
day measured 74.5 mm. By August 12th, all but two of the re- | 
maining tips—the right central and the next to the outer right ' 
—had been lost. On August 18th, having persisted for a period 
of thirty-two days, these last two disappeared, leaving the young 
bird with the pennaceous juvenile tail feathers remarkably long 
for an Anserine bird of its age, and with the tips of the feathers 
not soft and pliable, but exceedingly stiff, the rhachis in each 
feather showing a reduction in diameter only toward the tip, 
which was broken squarely off. 


Although as has been stated, an increase in the length of — 
the rectrices was noted on the tenth day after hatching, it was 
not until July 26, four days later, that incipient growth of the 
under tail-coverts and the feathers of the pectoral tracts was 
observed. These were the first of the contour feathers to ap- 
pear, the upper tail-coverts and lower back feathers being de- _ 
layed for another three days, so that the rectrices had begun _ 
their growth a full week before the other important pteryle of 
contour feathers. These latter carried the plumaceous feathers __ 
on their tips for a very short: period, the attachment being ex- _ 
tremely weak and they were lost almost at once, as is the case 
with the majority of birds. ; 


The interesting point about all this, is the japon in growth ; 
of the juvenile rectrices, hinting of some function in ea ly 
of ee we are still ae eo the egy in s 


1914] Beebe: Tail Down of Certain Ducks. 251 


In the Ruddy Duck, Erismatura jamaicensis (Gmel.), the 
retention of the caudal down is carried a stage further, the stif- 
fened shafts of the nestling plumage often remaining in place 
until most of the scanty, soft barbs have worn away. Not until 
the juvenile rectrices are three-fourths grown, does the down 
begin to lose its hold and fall. The bare, truncated extremities 
of the juvenile tail-feathers give the tail, as a whole, an appear- 
ance very unlike that of the succeeding moult, where the rec- 
trics, though stiff as those of a woodpecker, yet taper at the tip 
and end in finely graduated points. 


In examining, at the American Museum, a series of Torrent 
Ducks, Merganetta columbiana Des Murs, from Colombia, South 
America, I was at once struck by the condition of the rectrices 
in two young males. They were shot on the 25th of September 
and had attained the full juvenile plumage. In fact, the long 
scapulars and the tail-feathers already showed considerable 
wear. The latter were the special point of interest, carrying 
the specialization of the rectrice down to an extreme, far beyond 
that in the two stages already described in the Wood and Ruddy 
Ducks. The general effect was of a stiff-vaned. distal, feather 
racket connected with the normal part of the rectrice by a con- 
siderable extent of strong, bare shaft (Fig. 98, B and C). It 
seemed impossible at first glance that the stiffened tips had any- 
thing in common with the down plumage of other ducks. 


The first close examination showed, however, that these 
peculiar tips were the persistent down plumage, much abraded, 
but still remaining attached to the full-grown and already con- 
siderably worn tail-feathers of the succeeding plumage. Two 
facts were self evident; first, that in Merganetta even in the 
down plumage, tail-feathers, specialized in the direction of the 
stiffened adult rectrices are present and must be of considerable 
use in enabling the young birds to avoid being carried down 
stream in a rush of water, or in helping them to clamor up slip- 
pery, mossy rocks; second, the physical connection between 
these down feathers and the succeeding juvenile rectrices is so 
strong that the former persist long after the next plumage is 
full grown, and during this period are of material benefit in 
providing greater length and stiffness to the tail-feathers. 


252 Zoologica: N. Y. Zoological Society. [I; 13 


In a bird shot about two months later, in mid-November, 
the tips had disappeared, leaving 2 to 5 mm. of strong, bare, 
projecting rhachis (Fig. 98, D). Even if there were no dis- 
tinction of color or pattern between this plumage and that of the 
adult, the two could be told by a glance at the tail-feathers; 
those of the younger plumage showing unfinished, broken tips, 
while in the succeeding rectrices the shafts end in a delicately 
graduated point, clothed to the very tip with barbs (Fig. 98, E). 


The Torrent Ducks are of interest in this respect, as show- 
ing that what in other members of the family is merely an 
evanescent physical connection between two series of feathers, 
has in this case been carried to a much greater extreme of spe- 
cialization, probably of direct benefit to the species. 


a —— a 
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EFFECT OF A POSTPONED MOULT UPON 
THE SEQUENCE OF PLUMAGE IN 
CERTAIN PASSERINE BIRDS 


By C. WILLIAM BEEBE, Curator of Birds. 


In 1908 I published in the American Naturalist an account 
of certain experiments on this subject, and since that time I 
have had so many requests for excerpts that I have thought it 
advisable to record the experiments again in full in ZOOLOGICA. 
As this work is to be renewed and elaborated in the future, easy 
reference to this preliminary paper is desirable. 


One of the best-known phases of bird moult is at the com- 
mencement of the season of courtship, when the male of many 
species assumes a more or less brilliant or specialized plumage 
and in the autumn sheds it in exchange for a more sombre win- 
ter garb, often resembling that of the female. In the United 
States, striking examples are the Scarlet Tanager, Piranga ery- 
thromelas Vieillot, and the Bobolink, Dolichonyx oryzivorus 
(Linneus). In Africa, weaver birds of the genera Vidua and 
Pyromelana, exhibit radical seasonal changes. 


The problem which attracted me was the discovery of the 
factors which determine this seasonal change. So untouched 
is this field of research that at first no definite method of- 
fered itself; there was no previous line of work to be followed 
or extended. The most hopeful way of work seemed to be to 
clear the ground by gradually eliminating all negative fac- 
tors, to demonstrate those conditions which would inhibit such 
a plumage change, and thus narrow down to the important dy- 
namic phenomena of physiology or external environment. The 
thousand and one influences which impinge upon the organism 
from its environment (using that word in its widest sense), 
may be grouped under certain heads, all or any of which may 
be concerned in moult and in sexual plumage, change of color 
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end pattern. These again may operate directly ontogenetically, 
or indirectly along phylogenetic lines. 


Condition of the bird’s body—fat or thin. 
Food—amount, and whether vegetable or animal. 
Blood pressure—raised or lowered. 

Sexual organs—active or inactive. 

Inheritance. 

Temperature—heat or cold. 

Meterological conditions of humidity or aridity. 


These are only the most apparent factors, they are of un- 
equal value, and some are almost wholly dependent upon others. 
They represent what I tentatively selected when I first began 
these experiments, as a convenient review of the general field. 


This experiment concerns only the first of the above factors, 
the condition of fatness or thinness of the bird’s body, and its 
influence on moult. I do not claim that it has further influence 
than this. The unexpected result in color change or lack of it, 
must be concerned with influences, other than immediate, acute, 
physiological conditions. 


After all the stress and cares of the breeding season are 
past, birds such as tanagers and bobolinks are always thin and 
in poor condition. The worn and bedraggled feathers reflect 
the actual physical state. The keel of the breast-bone—that true 
index of a bird’s emaciation or obesity—often protrudes conspic- 
uously beneath the skin. Not until the autumn moult is com- 
plete do the birds begin to improve and then they may become 


unusually fat. These general facts doubtless hold good in the 
case of most birds. 


Fat is one of the most insidious dangers incident upon a 


collection of living birds. Unlike the condition in mammals — 


there is liitle or no external evidence of increasing obesity, and 
only when the bird is in the hand and the breast feathers blown 
aside, are the yellow rolls of adipose tissue visible. In the Zoo- 
logical Park it is necessary to examine many small birds at fre- 
quent intervals to ascertain their condition, and to regulate the 
proportions of the food ingredients accordingly. 


EE ae a nr 
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In mid-summer I placed several Scarlet Tanagers and Bobo- 
links under careful observation. None of these birds had been 
allowed to breed, and so, although it was rather late in the sea- 
son, they were still in the height of vocal and physical condition. 
They were all tame, so that, although during the period of ex- 
perimentation they were confined in rather small cages, each 
bird in a space of about 12 x 12 x 24 inches, yet their plumage 
vas not damaged by violent struggles caused by fear or a desire 
to escape, and remained throughout in almost perfect condition. 


Little by little I began to cut off the supply of light and 
slightly to increase the amount of food. This caused a corre- 
sponding decrease in activity on the part of the birds, and an 
almost immediate increase of weight. The great danger from 
obesity in caged birds is that fright or sudden excitement of 
any kind, may cause a blood vessel to break, or in some other 
way bring about death from apoplexy. Consequently I kept the 
birds in a room where they were never disturbed, and where 
the absence of noise and other distractions reduced the possibil- 
ity of an untimely end. oat 

In about a month, when the time for the normal autumn 
moult arrived, the tanagers and bobolinks were living the ‘“‘sim- 
ple life” in a dim illumination, and although consuming a fair 
amount of food, were exercising but little. The time for the 
autumn moult came and passed and not a single feather was 
shed. The cages were made intentionally of wire mosquito net- 
ting, the fine mesh of which would have caught and revealed 
any feathers had any been moulted. In addition to this, the 
birds were examined twice a week, and nowhere on body or head 
was there any evidence of moulted, or of new, incoming feathers. 
On blowing away the breast feathers the yellow sub-cutaneous 
layer of fat could be seen, which in a bird caged under normal 
conditions, would have been a danger symptom not to be disre- 
garded. 


As the winter gradually passed, it was evident that the 
birds had skipped the autumn moult entirely, and appeared to 
suffer no inconvenience as a result. As far as appearance went 
they were in perfect health, showing only the symptoms of 
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inactivity consequent upon an excess of adipose tissue. Early 
in the experiment the songs of the birds became less frequent 
and sustained, and finally died away altogether, and when a 
good layer of fat had accumulated, seldom was even a chirp 
uttered. 


From time to time a bird was brought gradually into a 
brighter light and meal-worms added to its diet. This invaria- 


bly resulted in a full resumption of song. Even in the middle — 


of winter a tanager or a bobolink, would, under these conditions 
make a room ring with its spring notes, and with this was cor- 
related a slight decrease in weight. This phase of the experi- 
ment could not be prolonged indefinitely, however, for the song 
period seemed limited, just as it would be under normal condi- 
tions even in non-breeding birds, although the nuptial plumage 
remained. unchanged throughout the winter. As one of my 
keepers pithily put it, ““We have their calendar twisted back- 
ward.” 


A sudden alteration in temperature—either higher or lower | 


—wrought, I found, a radical change in the physical metabo- 
lism of the birds. Under such conditions, they would cease feed- 


ing almost altogether, and one tanager lost weight rapidly. A 


few feathers on the neck fell out and in the course of about 
two weeks this individual moulted every feather and came 
strongly into his normal winter plumage of olive green. The 
metabolism set up by the change in temperature, in its extent 


and rapidity seemed Sas only to the growth of a deer’s _ 


antlers. 


Early in the following spring individual tanagers and bobo- — 
_ links were gradually brought under normal conditions and into — 
_ their seasonal activities, with quick resul#. J ust as the wild birds — 
in their winter haunts in South America were at the same time 
Seats ae winter Rath and. assuming the more brian : 
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the moult was from nuptial to nuptial, not from nuptial to win- 
ter plumage. The dull colors of the winter season had been 
completely suppressed. 


We thus have proof that the outward manifestation of the 
sequence of plumage in these birds is not in any way predestined 
through inheritance bringing about an unchangeable succession, 
in the case of the tanager, of scariet-green, scarlet-green, year 
after year. The katabolic changes of pigmentation in the blood 
are induced by certain seasonal factors, whether internal, as the 
sexual organs, or external, as food or changing meteorological 
conditions, we know not. But we do know that this orderly 
succession may be interrupted by certain external conditions in 
the environmental complex. 


The pigmental changes in the blood which induce the green 
autumn garb, undoubtedly went on as usual in my birds. The 
one individual which reacted to the change in temperature 
proved this. But in course of time, although this pigment was 
not permitted to be expended in its normal feather-impregna- 
tion, it was changed by some seasonal alchemy, and the scarlet 
pigment made ready. When at last I permitted the moult to 
take place, the bird was clothed in the dress appropriate to 
the season, and if wild, would have suffered no handicap in the 
functions for which its brilliance is intended. It is interesting 
to note that the green plumage which was so completely sup- 
pressed, is unquestionably the more ancestral and primitive, as 
it is the garb of the young of both sexes and of the adult female. 


Nature offers us a curious comparison and normal control 
in the Summer Tanager, Piranga rubra (Linneeus), the male of 
which retains the scarlet plumage throughout the year. So that 
what I was able to induce by abnormal methods, is the normal 
sequence in this closely, indeed generically, related species. 

Until I have further. and more complete data, checked by 
results derived from control of other factors of the environment, 
I shall refrain from further comment on the significance of 
this initial experiment. 

There is genuine satisfaction in thus making even the 
merest beginning at the elucidation of these problems, which in 
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their general evolutionary aspect are of far wider application — 
than to the class Aves alone. And work along these lines is all 
the more enjoyable because success demands the continual life 
and good health of the individual birds upon which the exper 
ments are carried out. 


